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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the phase change record medium which irradiates a 

light beam and performs informational record and playback. 

[0002] 

[Description of the Prior Art] A phase change optical recording medium is medium portability, it is put 
in practical use as a memory medium which combines large capacity and rapid access nature, and it is 
expected by continuing to carry out densification further that an application is expanded. In a phase 
change optical recording medium, record and playback are performed based on the following principles. 
At the time of record, the light beam of record power level is irradiated at the phase change optical 
recording layer in a crystallized state, the part is heated more than the melting point, it cools by time 
amount shorter than the crystallization time amount of a recording layer, and the record mark of an 
amorphous state is formed. Informational playback is performed using the rates of a light reflex of an 
amorphous state and a crystallized state differing, the light beam of low power [ time / of elimination / 
layer / phase change optical recording / beam / record ] is irradiated, and longer [ beyond crystallization 
temperature / to the temperature of under the melting point ] in a phase change optical recording layer 
than crystallization time amount - since time amount maintenance can be carried out and it can be made 
a crystallized state, light beam modulation over-writing is possible. 

[0003] When acquiring good over- writing properties (gamma property, repeat property, etc.) in a phase 
change optical recording medium, the laminated structure in which rapid heating quenching is possible 
is desirable. The laminated structure in which typical rapid heating quenching is possible carries out the 
laminating of the 100-200nm comparatively thick 1st interference layer, a 10-30nm thin phase change 
optical recording layer, the 10-40nm comparatively thin 2nd interference layer, and the total reflection 
layer that consists of a 50-100nm comparatively thick high temperature conductivity metal one by one 
on a substrate. Such a laminated structure is adopted as the phase change optical recording medium with 
which current practical use is presented. 

[0004] The mark length recording method which modulates record mark length, records information as a 
densification technique of a phase change optical recording medium, and reproduces mark end position, 
and the land groove method which records information on both a land and a groove are proposed. 
[0005] When realizing mark length record, fluctuation of a mark edge location must be controlled. For 
that, it is necessary to set up lower than the rate of light absorption of the crystalline substance section 
(Ac) the rate of light absorption of an amorphous mark (Aa). This reason is for having to supply latent 
heat, when recording an amorphous mark on the crystalline substance section compared with the case 
where an amorphous mark is recorded on an amorphous mark, at the time of over-writing. 
[0006] However, it is difficult to realize mark length record in the phase change optical recording 
medium of a rapid heating quenching configuration in which the good over-writing property mentioned 
above is shown. When this pays its attention only to a recording layer, the reflection factor of an 
amorphous mark is lower than the reflection factor of the crystalline substance section, but since total 
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reflection of the irradiated light is carried out by the reflecting layer, the rate of light absorption of an 
amorphous mark (Aa) is because it becomes higher than the rate of light absorption of the crystalline 
substance section (Ac) effectually. 

[0007] Replacing with 4 layer structures of the 1st interference layer mentioned above, a phase change 
optical recording layer, the 2nd interference layer, and a total reflection layer, and improving the 
laminated structure of a phase change optical recording medium for the purpose which solves this 
technical problem, in order to realize the conditions of Aa<Ac is proposed. For example, it consists of Si 
with a low light absorption multiplier instead of (i) total reflection layer with thin Au or operating 
wavelength (before or after 650nm) of about lOnm. Thickness of the laminated structure which prepared 
the translucent layer which has light transmission nature, and the 2nd interference layer of (ii) is made 
thick to about 100-200nm. In addition to the laminated structure which reversed the reflection factor of 
an amorphous mark and the crystalline substance section using optical interferential action, and the 
above (iii) amelioration, a translucent layer is further prepared between a substrate and the 1st 
interference layer, and laminated-structure ** which rationalized the heat response is proposed. Since 
the conditions of Aa<Ac can be filled with any laminated structure, it is suitable for mark length record. 
However, in these laminated structures, a heat response characteristic becomes slow, cross erasion tends 
to take place, and a repeat over- writing property deteriorates. Thus, a repeat over-writing property and a 
mark length recording characteristic have the relation of a trade-off. 

[0008] Moreover, in phase change optical recording, it reproduces by changing a change of the reflected 
light on the strength into an electrical signal. Under the present circumstances, there is the approach 
(phase contrast playback) of enlarging the difference of the approach (reflection factor difference 
playback) of enlarging the difference of the reflected light reinforcement from an amorphous mark and 
the reflected light reinforcement from the crystalline substance section, and enlarging change on the 
strength, and the phase of the reflected light from an amorphous mark and the phase of the reflected 
light from the crystalline substance section, and enlarging the incident light difference on the strength to 
a detector. Although the latter phase contrast playback is the same playback approach as perforation 
record like a compact disk, since land groove record becomes difficult, it cannot respond to high density 
record. This is because the cross talk from an adjoining truck cannot be reduced. Therefore, in order to 
realize high density record, reflection factor difference playback is suitable from phase contrast 
playback. However, in order to secure a big reflection factor difference, it is necessary to choose a 
laminated structure and thickness appropriately. For this reason, the problem of a trade-off mentioned 
above is also involved and the design of a medium becomes still more difficult. For example, by the 
medium which adopted the laminated structure for adjusting the rate of light absorption like (i) already 
described - (iii), the rate ratio of light absorption and a reflection factor difference have the relation of a 
trade-off. 

[0009] Moreover, the noise at the time of playback has the close relation to the reflection factor of an 
initialization condition (crystalline substance section). On the other hand, a reflection factor difference 
influences signal strength, i.e., the regenerative-signal amplitude. Therefore, in order for CNR at the 
time of playback to have the value (henceforth a contrast ratio) which broke the reflection factor 
difference between crystal-amorphous by the reflection factor of the crystalline substance section, and 
strong correlation and to obtain the good playback CNR, it turns out that it becomes important to raise a 
contrast ratio. Thus, since a parameter called a contrast ratio serves as another constraint in addition to 
the rate ratio of light absorption, and a reflection factor difference, the optimal medium design becomes 
difficult. 

[0010] Furthermore, it the cooling rate of a recording layer is too slow conversely, an amorphous mark 
cannot be formed but record becomes impossible [ the amorphous mark written in when were thought 
from the principle of operation of a phase change optical recording medium, and a recording layer could 
not be held to a crystallization temperature field is not eliminable, and ]. For this reason, while 
controlling the presentation of a recording layer the optimal, it is necessary to optimize the thermal 
conditions on which the thickness, a presentation, etc. of other film are chosen as the optimal, and a 
recording layer is put. However, as mentioned above, in order that the configuration of a medium may 
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receive constraint according to optical conditions, the medium design also in consideration of thermal 
conditions becomes very difficult. 

[001 1] There was a problem that it was very difficult to design so that it may be satisfied with the 
conventional phase change optical recording medium of all of optical conditions and thermal conditions 
as mentioned above, and record elimination properties, such as an over- writing repeat property and a 
cross erasion property, fell victim. 
[0012] 

[Problem(s) to be Solved by the Invention] It is good and the conditions of Aa<Ac suitable for mark 
length record are satisfied, moreover, the reflection factor difference between crystal-amorphous is 
large, CNR good [ a contrast ratio ] and high is obtained, and the purpose of this invention has an over- 
writing repeat property and a cross erasion property in offering the phase change optical recording 
medium suitable for high density record. 
[0013] 

[Means for Solving the Problem] In the phase change optical recording medium which has the 
translucent layer which has the ftinction in which the phase change optical recording medium of this 
invention adjusts the rate of light absorption of a phase change optical recording layer and a phase 
change optical recording layer on a substrate Said translucent layer consists of distributed film which 
distributed the metal particle in the dielectric base material, and it is [ refractive index / of said metal 
particle ] ns about the refractive index of km and said dielectric base material in nm and an extinction 
coefficient. When it carries out, It is characterized by fulfilling the conditions of nm <km 3/100, and 
1.3<ns/nm<12. 
[0014] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. An example of 
the structure of the phase change optical recording layer which starts this invention at drawing 1 is 
shown. This phase change optical recording medium has the translucent layer 2 which consists of 
distributed film of the metal particle / dielectric base material which distributed the metal particle 22 in 
the dielectric base material 21 on the substrate 1, the 1st interference layer 3 which consists of a 
transparence dielectric, the phase change optical recording layer 4, the 2nd interference layer 5 which 
consists of a transparence dielectric, and the reflecting layer 6 which consists of a metal. 
[0015] In addition, although this drawing shows the example which prepared the translucent layer which 
consists of distributed film between the substrate and the phase change optical recording layer, if 
predetermined optical conditions and thermal conditions can be fulfilled, especially the location of the 
translucent layer which consists of distributed film will not be limited. 

[0016] If light carries out incidence to distributed film called a metal particle / dielectric base material as 
shown in drawing 1 , a metal particle will work as an electric dipole to the electromagnetic field excited 
by light. Consequently, in the optical property of the distributed film, and a concrete target, it is a 
refractive index nc by the interaction of the electric field and the metal particle which are formed. 
Extinction coefficient kc It changes sharply. It depends for this change on factors, such as a class of a 
metal and dielectric base material and a volume fraction of a metal particle, magnitude, and a 
configuration. For example, the distributed film which distributed the golden particle in glass shows the 
characteristic spectrum which only red penetrates. This phenomenon is Maxwell-Garnett. It is known as 
absorption. Therefore, if such distributed film is prepared, possibility that the optical conditions of a 
phase change optical recording medium can be designed the optimal will become high. Moreover, since 
the design margin of a medium becomes large, the design of the thermal conditions of a phase change 
optical recording medium also becomes easy. 

[0017] Here, according to the optical simulation about the phase change optical recording medium of the 
structure which prepared the translucent layer between the substrate and the phase change optical 
recording layer, a translucent layer (a refractive index n, an extinction coefficient k) is k<0.25n-0.25. 
(A) 

When satisfying ******, it turns out that reflection factor difference sufficient between the crystalline 
substance section and an amorphous mark is acquired, and regenerative-signal reinforcement becomes 
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high. 

[0018] this invention persons are the refractive indexes nmofa metal particle so that a formula called 
k<0.25n-0.25 may be materialized in the distributed film of a metal particle / dielectric base material 
Extinction ****km And refractive index ns of a dielectric base material It considered optimizing. These 
optical constants are values measured on the playback wavelength of a phase change optical recording 
medium about the ingredient of a particle condition. Maxwell-Garnett In order to realize the theory, it is 
required for the size of a metal particle to be smaller than wavelength. Since operating wavelength is 
restricted about this point at the light in the case of a phase change optical recording medium, if the size 
of a metal particle is lOOnm or less, the conditions of being smaller than wavelength will be fulfilled 
enough. Here, real part epsilonlc of the complex permittivity of the distributed film of a metal particle / 
dielectric base material and imaginary part epsilon2c are given by the following formula. 
[0019] 
[Equation 1] 





[0020] These formulas transform the formula of Clausius-Mosotti in consideration of the internal 
electric field of the quality of mixture, and are obtained. It sets at an above-mentioned ceremony and is 
epsilon 1 . epsilon 2 The real part of metaled complex permittivity, imaginary part, and ns The refractive 
index of a dielectric base material and q are the volume fractions of a metal particle. In addition, the 
extinction coefficient of a dielectric base material is set to 0. 

[0021] On the other hand, generally it is the real part epsilon 1 of the complex permittivity of the matter 
of arbitration. Imaginary part epsilon 2 has a refractive index n and an extinction coefficient k, and the 
following relation, 
epsilonl =n2-k2epsilon2 =2nk (3) 

It is first based on (3) types and they are metaled nm and km. epsilon 1 and epsilon 2 It changes. These 
values are assigned to (1) and (2) types, and epsilonlc and epsilon2c are obtained, epsilonlc and 
epsilon2c which were obtained are substituted for (3) types, and they are the optical constant nc of the 
distributed film, and kc. It obtains. 

[0022] It is [ refractive index / of such count to a metal particle ] ns about the refractive index of km and 
a dielectric base material in nm and an extinction coefficient. When it carried out and nm <km 3/100, 
and the distributed film that fulfills the conditions of 1.3<ns/nm <12 were used, it turned out that the 
distributed film with which are satisfied of kc <0.25nc-0.25 is obtained. In order to fulfill the conditions 
of nm <km 3/100, it is advantageous to use a metal with a low refractive index. 
[0023] They are the optical constant nc of the distributed film, and kc to drawing 2 . The result searched 
for by count is shown. By this count, it is the metaled refractive index nm. 0.1 and extinction ****km It 
assumes that it is 2.5 and the conditions of nm<km 3 / 100 are fulfilled. Refractive index ns of a 
dielectric base material It is made to change in 1.3-2.3. Moreover, q becomes large toward the direction 
of the arrow head which the volume fraction q of the metal particle in the distributed film is changed, 
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and meets the curve in drawing. The straight line (A) of drawing 2 expresses kc =0.25nc-0.25. The field 
surrounded by this straight line and x axis is a field of the optical constant of the distributed film which 
can be used suitable for a phase change optical recording medium. 

[0024] It turns out that the range of the value of such a suitable optical constant that the refractive index 
of a dielectric base material is small as shown in this drawing is wide, and the value of range of q 
included in the field surrounded by the straight line (A) and the x axis when the refractive index of a 
dielectric base material was 1.3 or 1.5 is large. For example, when the thing of ns =1.3 is used as a 
dielectric base material, the distributed film below q= 0.36 (36%) is contained in the above-mentioned 
range. In addition, the value of the volume fraction q of a metal particle is set as 5 - 80% of range. 
[0025] As mentioned above, since a big reflection factor difference will be acquired if the distributed 
film with which are satisfied of kc <0.25nc-0.25 is used, possibility of fulfilling requirement 
specification, such as other optical responses, i.e., phase contrast, absorption coefficient differences, etc., 
also increases. For this reason, the phase change optical recording medium which agrees synthetically 
also in requirement specification, such as high recording density and a high transfer rate, can be offered. 
Moreover, since the margin of the thickness of each class which constitutes a phase change optical 
recording layer can be extended, it is desirable also from a manufacture side. Furthermore, when the 
combination of the film ingredient which can design the large phase change optical recording medium of 
a reflection factor difference is chosen, possibility that it can adjust so that some reflection factor 
differences may be made into a sacrifice and a desirable heat characteristic may be obtained is high. 
Therefore, the optimal record medium can be designed also in respect of record / elimination property. 
In addition, if the translucent layer which consists of distributed film is prepared, since the effectual rate 
Ac of light absorption of the crystalline substance section and the effectual rate Aa of light absorption of 
an amorphous mark in a phase change optical recording layer will satisfy the conditions of Aa<Ac, it is 
suitable also for mark length record. 

[0026] Next, the example of the suitable metal used for the distributed film in this invention and a 
dielectric base material is explained. The refractive index n of the metal which can be used for Table 1 
in this invention, and a dielectric base material, and the value of an extinction coefficient k are shown. 



[0027] 
Table 1] 




n 


k 




A 1 


1. 39 


7. 6 5 


Ag 


0.134 


4.0 1 


Au 


0.178 


3.0 7 


Cu 


0. 2 3 1 


3.4 6 




Si0 2 


1.4 6 


0 


Mg F 2 


1.3 8 


o 


C a F 2 


1. 43 


0 


Z r0 2 


2. 2 1 


0 


ZnS 


2. 1 3 


0 


Ti0 2 


2. 8 7 


0 



[0028] In the metal and dielectric base material of Table 1, it is a desirable combination which fulfills 
the conditions of 1.3<ns/nm <12. as the desirable distributed film ~ aluminum/Ti02, aluminum/Zr02, 
Ag/MgF2, Ag/CaF2, and Cu/MgF2 etc. - it is mentioned, as the combination which is not desirable on 
the other hand aluminum/CaF2, Ag/Ti02, and Ag/Zr02 etc. - it is mentioned. 
[0029] In this invention, in order to form the translucent layer which consists of the above distributed 
film, the approach of carrying out sputtering of the composite target of a dielectric and a metal and the 
approach of carrying out coincidence sputtering of a dielectric target and the metal target can be used. 
The volume fraction of the metal particle in the distributed film can be adjusted by controlling by 
coincidence sputtering the power impressed to a target. Since only an inorganic material is used for 
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these approaches, they are excellent in adjustment with the manufacture process of the phase change 
optical recording medium adopted from the former. In addition, as long as a spin coat etc. controls 
thickness and can form membranes, a metal particle may be distributed in an organic dielectric base 
material. 

[0030] The other ingredients used for the phase change optical recording medium of this invention are 
explained briefly. A polycarbonate, polymethylmethacrylate (PMMA), etc. can be used as an ingredient 
of a substrate. The groove for a tracking guide is prepared in the front face of a substrate. As an 
ingredient of an interference layer, an oxide, a nitride, carbide, a boride, a sulfide, fluorides, or such 
mixture can be used. As a typical ingredient, it is ZnS-Si02. It is mentioned. The various ingredients 
which make GeSbTe and InSbTe representation can be used for a phase change optical recording layer. 
What was formed in thick thickness so that light transmission nature might not be shown as a reflecting 
layer using the alloy containing aluminum, Au, Cu, or these is mentioned. 
[0031] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The phase 
change optical recording medium which has the structure shown in drawing 1 was manufactured. This 
phase change optical recording medium on the polycarbonate substrate 1 Zr02 In a base material 21, the 
aluminum particle 22 aluminum/Zr02 with a thickness of 45nm distributed ZnS-Si02 with a translucent 
layer [ 2 ] which consists of distributed film, and a thickness of 148nm from — ZnS-Si02 with the 
becoming 1st interference layer 3, a phase change optical recording layer [ 4 ] which consists of GeSbTe 
with a thickness of lOnm, and a thickness of 78nm from - it has the becoming 2nd interference layer 5 
and the reflecting layer 6 which consists of aluminum with a thickness of lOOnm. 
[0032] These each class formed membranes by sputtering. The translucent layer 2 is aluminum target 
and Zr02. Membranes were formed by carrying out coincidence sputtering of the target. The optical 
constants of aluminum simple substance with a wavelength of 640nm are nm =1 .4 and km =7.7. In this 
case, it is km 3 / 100= 4.48, and nm <km 3 / 100 are satisfied. Dielectric base material Zr02 Refractive 
index ns It is 2.2 and 1.3<ns/nm <12 are satisfied. 

[0033] The result of having investigated the range which nc of the distributed film and kc can take to the 
volume fraction q of the metal particle in the distributed film to drawing 3 is shown. As shown in 
drawing 3 , it turned out that a. volume fraction q satisfies kc <0.25nc-0.25 in the range below 0.58 
(58%). 

[0034] Next, it is aluminum/Zr02 of a volume fraction q= 0.5 at the structure of drawing 1 . The phase 
change optical recording medium which has the translucent layer 2 which consists of distributed film 
was manufactured, and record reproducing characteristics were evaluated. The optical constants of this 
distributed film are nc =5.34 and kc =0.1 16, and satisfy kc <0.25nc-0.25. 

[0035] The reflection factor was measured on the wavelength of 640nm about this phase change optical 
recording medium. Consequently, the reflection factor from 7.2% and the amorphous section of the 
reflection factor from the crystalline substance section is 30.2%, and 23.0% of reflection factor 
difference was acquired. In this case, a contrast ratio (= the reflection factor of a reflection factor 
difference / crystalline substance section) is 3.2. Since the reflection factors from the crystalline 
substance section are 7.2% and a low value, a noise level falls. 

[0036] When this phase change optical recording medium was inserted in the evaluation equipment 
which has pickup with a wavelength of 640nm, and 3T signal of DVD was recorded and it reproduced in 
linear velocity 9 m/s, CNR was as good as 52dB. A reflection factor difference depends this on a large 
thing. The jitters after an over- write [ a random-signal pattern ] 10 times were 9.5% and a good value. 
Then, it is a random signal 104 It turned out that the jitter after carrying out time over- writing is also 
only 10% or less, and a signal does not deteriorate substantially. 

[0037] Although it has the same structure as drawing 1 for a comparison, it is Zr02 as a translucent 
layer 2. Cr/Zr02 which distributed Cr particle in the base material 21 The phase change optical 
recording medium using the distributed film was produced. In addition, the thickness of each class is 
Cr/Zr02. It is optimizing corresponding to the distributed film. 

[0038] The optical constants of Cr simple substance with a wavelength of 640nm are nm =2.1 and km 
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=2.9. In this case, it is km 3 / 100= 0.24, and nm <km 3 / 100 are not satisfied. Dielectric base material 
Zr02 Refractive index ns It is 2.2 and 1.3<ns/nm<12 are not satisfied. 

[0039] The reflection factor was measured on the wavelength of 640nm about the phase change optical 
recording medium of the example of a comparison. Consequently, although the reflection factor 
difference was equivalent to the example at 23.0%, the reflection factor from the crystalline substance 
section was as high as 1 1 .0%, and since the contrast ratio (= the reflection factor of a reflection factor 
difference / crystalline substance section) was as low as 2.1, it was predicted that a noise level does not 
fall enough. 

[0040] CNR was 48dB when record and playback were performed on the same conditions as an example 
about the phase change optical recording medium of the example of a comparison. Moreover, although 
the jitter at the time of the 1st record was equivalent to 9.7% and an example, by ten over-writing, the 
jitter became 12.4% and the signal deteriorated sharply. 
[0041] 

[Effect of the Invention] According to this invention, as explained in full detail above, an over-writing 
repeat property and a cross erasion property are good, the conditions of Aa<Ac suitable for mark length 
record can be satisfied, moreover, the reflection factor difference between crystal-amorphous can be 
large, CNR good [ a contrast ratio ] and high can be obtained, and the phase change optical recording 
medium suitable for high density record can be offered. 

[Translation done.] 
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